Tms work developed from an observation made during experiments designed to compare the metabolism of cells in suspension and in monolayer culture respectively.
Cells from a suspension culture were spun down and resuspended in fresh medium; they were then distributed as suspension cultures, and as monolayer cultures on plastic, for comparison of glucose utilization and lactate and pyruvate production, per lo6 cells, after different periods of incubation.
This comparison necessitated the harvesting of the cells from sample monolayers, after 24, 48 and 72 hr incubation, by scraping from the plastic. Routine checks of viability on the resulting suspensions indicated that, by comparison with cells grown in suspension for a comparable period, the 24 hr monolayer, after being scraped from the plastic, had a low viability.
On succeeding days, the viability of the cells obtained from the monolayers increased. These findings suggested that some substance, produced by the cells during prolonged growth in monolayer culture, protected them from trauma on removal by scraping; and that this substance was either not produced by cells grown in suspension, or, if produced, was not attached to the surfaces of the cells and so did not protect them.
Further experiments were made to test this hypothesis, and to see if similar findings were obtained for cells grown for short periods on glass.
MATERIALS AND METHODS
For most of the experiments, the L-M cell line was used. This is a subline of Earle's "L" strain of mouse fibroblasts, adapted by Merchant [4] , to grow in a protein-free medium consisting of a modified "199" (Eidam and Merchant, 1965) supplemented with 0.5 per cent "Difco" Bactopeptone. The L-M 2 x E cell line, which Merchant derived from the L-M line by growth in a chemically defined medium, was used for one experiment.
This cell line is routinely grown in monolayer cultures in Eagle's medium containing twice the usual concentrations of amino acids and vitamins (2 x E). Stock cultures of both lines were grown as monolayers on glass, and subcultured at weekly intervals.
For subculture, the medium was replaced with fresh, and the cells were scraped from the surface of the bottle with a rubber policeman. The resulting suspension was pipetted several times to break up any cell clumps, and distributed among fresh culture bottles to which the required amount of medium had been added. To reduce injury to the more fragile L-M 2 x E cells during subculture, 0.12 per cent methyl cellulose (Dow "Methocel", 15 cps) was incorporated in the medium in which the cells were scraped from the glass. Suspension cultures were grown in 250 ml screw-capped Erlenmeyer flaks, agitated on a rotary shaker with a 1" radial stroke, at a speed of 110 rpm. Methocel was used at a concentration of 0.12 per cent in the medium for cells suspended in lYU/Peptone, and of 0.24 per cent for cells in 2 x 1%
The plastic culture vessels used in most of the experiments were "Falcon" tissue culture flasks, capacity 30 ml (Falcon plastics); in one experiment, tissue culture dishes (15 x 60 mm) manufactured by the same firm were used. These culture vessels are described by the makers as being made of "a pure polystyrene containing small amounts of organic lubricants" [3] . Except in one experiment, the glass bottles were new small French square bottles, made of soft glass, of which the surface area of a side was approximately equal to that of a plastic flask. Unless otherwise indicated, the glass bottles were washed only with tap and distilled water before being sterilized in the autoclave.
For most experiments, the cells were obtained from suspension cultures; these were prepared, two days before use, from cell suspensions made from freshly harvested monolayers and diluted to contain approximately 2.5 x 1Oj cells/ml. \\'hen experimental monolayer cultures were to be initiated, total and viable cell counts of a 2-day suspension culture were made; only cultures with a viability of over 90 per cent were used. For experiments in which cells suspended in the same medium were to be seeded onto different surfaces, the required volume of suspension was centrifuged, and the cells were resuspended in fresh medium at a concentration of approximately 2.5 x lO"/ml.
If different media were to be used, aliquots of the suspension culture were centrifuged, and the cells from these were suspended in the appropriate media to give a cell density in each of approximately 2.5 x 105/ml. The pH of each suspension was adjusted to an initial value of approximately 7.6. Methocel was incorporated in the media for these monolayer cultures at the same concentrations as for suspension cultures in the same media.
Except in experiments 1, 3 and 9, four bottles were used for each culture condition examined in an experiment. Five ml of suspension were pipetted into each flask, and the cultures were incubated at 37°C for the periods indicated under "Experiments and Results".
The medium was then poured off and replaced with fresh 199 containing peptone and methocel (199P mc); the cells were scraped from the surface of each flask with a rubber policeman and, after the suspension had been pipetted ten times to break up any cell clumps, samples were taken for total and viable cell counts.
Total cell counts were made with an electronic cell counter (Coulter Electronics, Model B), and the viability of each suspension was estimated by the erythrosin B dye exclusion test of Phillips and Terryberry [8] , as described by Eidam and Merchant [2] . In experiments in which flask surfaces were treated with buffered solutions, the pH of these was adjusted to approximately 7.6.
EXPERIMENTS AND RESULTS
Comparison of the uiability of cells scraped from plastic, nfter varying periods of cultiuation, with that of cells grown in suspension L-M cells from a 'L-day suspension culture were distributed, in fresh 1991' mc, among six plastic flasks and one Erlenmeyer flask; the cells in the plastic flasks were grown as monolayers, and those in the Erlenmeyer as a suspension culture. At approximately 24 hr intervals, the cells from two monolayers were harvested, and total and viable cell counts made. Counts xvere also made of samples of the suspension culture taken at the same time intervals.
It n-as found (Table I ) that the viability of the cells scraped from the plastic after 24 hr was only 12 per cent, by comparison with the 99 per cent viability of the suspension culture. On succeeding days, the viability of the cells obtained from the monolayers increased. The unstained (viable) cells were spherical, lvhereas many of those which took up the dye retained the form they had had while attached to the plastic; in some of these stained cells the nuclei could be distinguished.
Belntionship of uptake of dye to mechcrnicrrl removal from plastic, nnd to loss of viability LJI cells from a 2 day suspension culture were suspended in fresh 199P mc seeded into eight plastic bottles and incubated at 37°C. After 23 hr, the medium in each flask was replaced with fresh 1991' mc. To four flasks erythrosin 13 was added to give a concentration of 0.1 per cent; approximately 4 ml of medium were removed from each flask, and the cultures were examined with an inverted microscope for the presence of stained cells. The cells in the remaining four flasks were scraped off the plastic, and total and viable counts made of samples from every flask; the suspensions were then reseeded into fresh plastic bottles and returned to the incubator. They were inspected with the inverted microscope after 6 hr, and harvested for estimation of total and viable cell counts after 24 hr.
It was found that, of the cells exposed to erythrosin B but not removed from the plastic, 90 per cent remained unstained. By contrast, when cells were scraped from the flask wall the proportion of cells unstained fell to 20 per cent. The harvested suspensions, 6 hr after reseeding, showed very few cells attached to the plastic and much debris in the supernatant medium. After 24 hr (Table II) the number of cells attached to the plastic was 0.65 x 105/ml-21. 5 per cent of the original inoculum. Of the cells still floating in the medium, 23 per cent (12.8 per cent of the original inoculum) were unstained and spherical, and therefore presumably still viable. The proportion of stained cells that could he shown, by further cultivation, to be dead was therefore at least 82.1 per cent.
These results indicated that the mechanical removal of the cells from the plastic was associated with an increased permeability to erythrosin 13, due probably to some damage to the cell membrane which varied in degree and was often lethal.
Effect of cell density on viability of cells scraped from plastic
The purpose of this experiment was to test whether the low viability of cells scraped from plastic after 24 hr incubation was due to the fact that, in the sparse cultures produced after this period, the cells were better spread than in older cultures, and thus a greater surface of cell membrane was liable to be damaged during mechanical removal. Suspensions containing graded concentrations of cells in fresh 199P mc lvere prepared from a 2 day suspension culture of L-M cells. Graded volumes of the most concentrated suspension were introduced into one series of plastic bottles, and the other suspensions were distributed among a second series, each bottle of which received 5 ml of suspension. After 24 hr incubation, the cells were harvested into the same volume of fresh medium as that in which they had been grown, and the usual estimations made.
-4s shown in Table III , the concentration of cells/ml culture medium had a greater effect on viability after mechanical removal than did the number of cells per unit area of growth surface, within the range tested. For example, if the final cell count was 4.25 X 105 cells/ml, and there were 10.6 x 105 cells/ flask, the viability was 52 per cent; whereas with a concentration of 2.63 x 105 cells/ml, and 13. 15 x lo6 cells/flask, the viability was 26 per cent. Theseresults indicated that the lower viability of cells scraped from plastic after 24 hr incubation was not due entirely to the greater spreading of cells in sparse cultures. They suggested that some substance produced by the cells might play a part in increasing the viability of cells removed mechanically after long periods of cultivation, and that with a sufficiently dense inoculum the concentration of this substance would have reached a protective level within 24 hr.
Effect of different media on the viability of cells scraped from plastic
The test cells for this experiment were derived from suspension cultures, and monolayers on glass, both of which were 2 days old. Aliquots of the cells from the suspension culture were suspended in fresh 199P mc, or in medium in which cells had been grown in suspension for 48 hr ('suspension-conditioned" 199P mc), or in the supernatant medium from 48 hr monolayer cultures ("monolayer-conditioned" 199P mc). The medium of the monolayer cultures was replaced with fresh 199P mc, and the cells were scraped from the glass and suspended in this. After estimation of total and viable cell counts, one aliquot of the suspension was diluted with fresh 199P mc to give a cell concentration of approximately 2 X 105/ml. Two other aliquots were centrifuged and the cells were resuspended in either suspension-conditioned or monolayer-conditioned 199P me. Four plastic flasks were seeded with each of the six suspensions thus obtained, and after 24 hr incubation the cells were harvested, and total and viable cell counts made in the usual way. after scraping even when grown in fresh 199P mc; for cells seeded from suspension, "conditioned" medium gave a much higher viability than fresh, the suspension-conditioned medium being more effective than the monolayerconditioned.
These results indicated that a protective substance was produced during cultivation of L-M cells either in suspension or monolayer.
The high viability of the cells explanted from monolayer in fresh 199P mc in which they had been scraped from glass further indicated that this substance became enmeshed between the cells and the substrate in monolayer culture and was released when the cells were scraped free. The reduced protection afforded to cells explanted from suspension by the supernatant from the monolayer cultures might also be due to the entrapment of the protective substance between the cells of a monolayer, with only partial release into the supernatant medium during cultivation.
Effect of diflerent media on the viability of cells plated from monolayer onto plastic Two-day-old monolayer cultures of L-M cells were used to provide the cells. The medium from one group of bottles was removed and kept, and replaced with fresh 199P mc. The cells were then scraped off in this fresh medium and, after estimations of total and viable cell counts had been made, 5 aliquots of the suspension were centrifuged.
The cells from another group of the cultures were scraped from the glass in the medium in which they had been grown. The resulting suspension, after removal of a sample for total and viable cell counts, was centrifuged; the cells were discarded and the supernatant medium kept. An appropriate volume of medium from a 2-dayold suspension culture of L-M cells was also obtained by centrifugation.
One of the 5 aliquots of cells obtained from the first group of monolayer cultures was then explanted in plastic flasks in each of the following media: fresh 1991' mc; the supernatant medium from 2-day monolayer cultures; fresh medium in which cells had been scraped from glass; medium in which monolayers had been grown and subsequently scraped from glass; and medium in which cells had been grown in suspension for 2 days. The procedure by which these media were obtained is summarized in Text- Fig. 2 . After 2 days' incubation of the test monolayers, the cells were harvested and the usual estimations made. As shown in Table IV , the cells grown in fresh medium had a viability, after mechanical removal, of 51 per cent; this was higher than that of cells seeded from suspension and similarly treated (Tables I-III, Text- Fig. 1 were grown in conditioned medium or in medium in which 2-day cultures had been scraped from glass.
These results suggested that a "protective substance", probably of high molecular weight, was attached to both cells and substrate in monolayer cultures, but remained free in the medium in suspension cultures.
The effect of dialysis on the protective action of suspension-conditioned medium
The medium used was from a 48 hr culture. Dialysis was against either an equal volume of fresh 199P mc for 48 hr (1: 1 dialysis) or against two successive lots, each of ten times the volume, of fresh 199P mc for 24 hr each (1: 100 dialysis).
From a 2-day suspension culture test monolayers on plastic were set up in one of the following media: fresh 199P mc, suspension-conditioned 199P mc either undiluted or diluted with an equal volume of fresh 199P mc, or the '~AIILE IV. Effect of different media on viability of cells plated from monolayer onto plastic, and removed by scraping after 24 hr. dialysates or residues from the two dialyses. The cultures were harvested after 24 hr, and the usual estimations made. The results of two such experiments are shown in Table V . The protective action was present only in the non-dialysable fraction of the conditioned medium; this again indicated that the substance involved was of high molecular weight.
Effect of filtration through sterilizing filters on the protective action of suspension-conditioned medium
Samples of medium from a 48 hr suspension culture were filtered through a cellulose acetate membrane filter of pore size 0.45 ,LJ, or through a sintered glass filter of UF grade. Aliquots of cells from a 4-8 hr suspension culture were suspended in the filtered samples; controls were provided by cells suspended in unfiltered fresh and suspension-conditioned 199P mc. Monolayer cultures were set up on plastic, and harvested after 24 hr.
The results (Table VI) showed that the substance would pass through a "Millipore" filter of pore size 0.45 ,u, but was removed by a sintered glass filter. This suggested that, although present in solution in the medium, it was adsorbed onto the glass filter. It seemed possible that the substance might be similarly adsorbed onto the plastic culture flasks and thus provide an alternative substrate for cells seeded into them.
Adsorption of protective substance by plastic Plastic flasks were exposed for 3 hr at 37°C to either fresh or suspensionconditioned 199P mc; the surfaces were then washed with fresh medium. Cells from a 48 hr suspension culture were suspended in fresh 199P mc and explanted into the flasks; the cultures were harvested after 24 hr.
The results (Table VII) showed that pretreatment of the plastic flasks with conditioned medium reduced the damage sustained by monolayer cultures grown in them and subsequently removed by scraping, whereas a similar pretreatment with fresh 199 P mc did not. These findings again suggested that the adsorption of some substance from conditioned medium onto the plastic might be concerned in the protective action of the medium.
The viability of cells removed from glass
Twelve new French square bottles were divided into groups of three. One group was rinsed with tap water and distilled water; one was washed in the detergent usually used for the tissue culture glassware in this laboratory, and then in tap water and distilled water; one was rinsed with acetone, alcohol and distilled water; and one was subjected to successive half-hour exposures to S NaOH and A' HCl, followed by rinses in tap and distilled water. All the bottles were then dried and sterilized in the autoclave.
Cells from a 2-day suspension of L-M cells were suspended in fresh 199P mc cells after mechanical removal was, however, high, and apparently unaffected by the method by which the bottles had been washed.
Test for production of protective substance by 24 hr cultures grown on glass or plastic
It seemed that the difference between the viabilities of cells scraped from glass and plastic might be due to one of three causes: a difference in the attachment of the cells to the two surfaces; a more rapid production of the protective substance by cells grown on glass; or the presence of some substance, leached from the plastic during incubation of the culture, which rendered the cell membrane more fragile. To test the second of these possibilities, cells from a 48 hr suspension culture of L-M cells were suspended in fresh 199P mc and distributed among four glass and four plastic culture flasks. After 24 hr incubation, the supernatant media from the glass bottles were pooled, as were those from the plastic flasks. The monolayers were harvested in fresh 199P mc, and samples taken for estimation of total and viable cell counts. The remaining suspensions were divided into two pools, from glass and plastic bottles respectively, and centrifuged.
The supernatant media from these centrifugations, and the monolayer culture media, mere then used as suspending media for cells from a 48 hr suspension culture of L-M cells; these mere inoculated into plastic bottles, and after 2 hr incubation the cells were harvested by scraping and the usual estimations made.
As shown in Table IX , the only medium that gave any protection to the test cells was that in which the 24-hr culture on plastic had been removed. It seems probable that this vvas due to the release of the protective substance
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Tests for presence of toxic substance in plastic Two experiments were made. In the first, fresh or suspension conditioned 199P mc was incubated in plastic flasks at 37°C for 2 hr, and then used as the medium for cells seeded, from a Z-day suspension culture, into French square glass bottles. The plastic flasks were washed twice with fresh medium, and a further 5 ml lot of fresh 199P mc was incubated in each for 2 hr; this medium was then used as the culture medium for a second sample of cells seeded from suspension onto glass. Controls were provided by cultures inoculated into glass bottles in fresh 199P mc. After 2 hr incubation, the medium in the bottles was replaced with fresh 199P mc, and the cells were scraped off the glass for estimation of total and viable cell counts.
The results, shown in Table X, indicated that a substance which slightly increased the fragility of the cells was removed from the bottles within 2 hr at 37°C by fresh, and possibly by conditioned medium. A further 2 hr treatment of the surface with either medium apparently released no more of the substance.
In the second experiment, "Falcon" plastic tissue culture dishes were treated for 16 hr with either concentrated sulphuric acid or alcoholic caustic potash and subsequently, after thorough washing with distilled water and medium, used as culture vessels for L-RI cells seeded from suspension in fresh 199P mc. For controls, cells were seeded into untreated similar dishes. After 2 hr incubation, the cells in one dish of each set of cultures were treated with erythrosin B in sitzz. Those from the other dishes vvere scraped off, and total and viable cell counts were made.
In the three groups of dishes, the viability of the cells while still attached to the plastic was over 95 per cent. No difference was found among the three in the low viability of the cells removed by scraping (Table XI) .
The nttnchnzent of cells to different substrates
It was noticed that cells grown in French square bottles were less well spread than those grown on plastic; the difference was more noticeable after 2 hr incubation than after 24 hr. It was possible, therefore, that the difference between the viabilities of cells removed from the two substrates was due to a quantitative rather than a qualitative difference in attachment; that is, that smaller areas of the membranes of cells grown in these glass vessels were firmly attached, and that there was therefore less extensive damage to the membrane n-hen the cells were removed. In an experiment designed to test the relationship between degree of spreading, firmness of attachment, and viability following mechanical removal, cells from a a-day suspension culture of L-M cells were suspended in fresh 199Pmc and inoculated into French square and plastic bottles that had been previously exposed for 2 hr at 37°C to either fresh or suspension-conditioned medium. After 2 hr incubation, the cultures were examined with an inverted microscope TAHLF XI. I'icrbility of cells scraped from plastic pretreated by methods desiyned to remove u possible toxic fuctor. and the degree of spreading of the cells was estimated. The monolayers in half the bottles were flushed ten times with a jet of medium from a Pasteur pipette, and the number of cells released from each \vas counted. The medium in these bottles was then replaced with fresh 199P mc; the remaining cells were scraped off and total and viable cell counts made. The other cultures were similarly treated after they had been incubated for 24 hr. The appearance of the cells on the different substrates, 2 hr after seeding, is shown in Fig. 1 . Cells grown on either glass or plastic that had been pretreated with conditioned medium were well spread; those explanted on plastic pretreated with fresh medium showed some spreading, while those in the French square bottles pretreated with fresh medium were still almost all spherical.
After 2 hr incubation almost half of the cells seeded in French square bottles pretreated with fresh medium could be removed by vigorous pipetting. Of the cells on the other surfaces, however, approximately 90 per cent were firmly attached within 2 hr (Table XII) . The viability of cells scraped from all the substrates, except plastic pretreated with fresh medium, was high (Table XII) .
In cultures incubated for 24 hr on the same substrates the proportions of cells firmly attached were 90 per cent (for French square bottles pretreated with fresh medium) and 96 per cent (for the other surfaces). The viability of cells removed from the glass pretreated with either medium was 9 1 per cent, by comparison with 7 7 per cent for plastic pretreated with conditioned medium and 19 per cent for plastic pretreated with fresh medium. Possible function of n product of L-M cells In a later experiment, 202 glass prescription bottles (Universal glass bottles) were used as the culture vessels. These were washed by the Calgon-metasilicate method described by Paul [7] . Cells from a 2-day suspension culture were seeded into them in fresh medium and, after 2 hr incubation, the cultures were inspected. The number of cells released by vigorous pipetting was then estimated, and total and viable counts made of the firmly attached cells.
In these glass bottles, the cells were well spread after 2 hr. A high proportion of the cells was firmly attached to the surface, and many of these were killed on mechanical removal (Table XII) .
The proportion of cells that survived this treatment was increased after 24 hr incubation.
Protective action of conditioned media for L-M 2 x E cells Two suspension cultures were used to provide the cells. Both were 48 hr old, but in one the medium vvas 199P mc and in the other 2 X E containing 0.24 per cent methocel (2 x E/2 x mc). Two aliquots of each suspension were centrifuged, and the cells suspended in either the medium in which they had been grown or the corresponding fresh medium. These suspensions were inoculated into plastic flasks and the cultures incubated for 24 hr. The medium in each flask was then replaced with the appropriate fresh medium and the cells were harvested for the usual estimations.
14s shown in Table XIII , the viability of the L-M 2 X E cells after mechanical removal was increased if they had been grown in either conditioned medium.
Preliminary attempts to identify the protective substance have indicated that macromolecular products of the cells with differing chemical properties are equally effective in protecting the cells. Pretreatment of plastic surfac,es with a 0.5 per cent solution of bovine serum albumin in 199P mc also reduced the damage sustained by cells plated on these surfaces and subsequently removed by scraping. Cells seeded onto albumin-treated surfaces were less 'rA.BLE:
XIII. Protective action of suspension-conditioned media for L-M 2 x E cells. well spread than those seeded on plastic pretreated with conditioned medium. It was also found that trypsin and ribonuclease, by adsorption onto plastic surface, altered the behaviour of cells subsequently plated on the plastic.
DISCUSSION
The results presented here show that treatment of glass or plastic surfaces with medium in which L-M cells have been grown ("conditioned" medium) causes an apparent alteration in the properties of these materials as substrates for cells seeded onto them. It is unlikely that samples of fresh and conditioned medium, of the same pH, would have different effects on the intrinsic properties of glass or plastic: the most likely explanation of the results seems to be that L-M cells grown either in suspension or monolayer synthesize a substance or substances of high molecular weight, which may be adsorbed onto glass or plastic and serve as a substrate for cells plated onto these surfaces.
If L-51 cells obtained from a suspension culture are resuspended in fresh medium, grown as monolayer cultures in plastic flasks for 24 hr, and removed by scraping, many are apparently severely damaged. The dye-exclusion method used here to estimate viability has been shown by Myers [6] to indicate relatively severe cell damage, compared with that shown by estimation of potassium leakage. The results of the present experiments indicated that over 80 per cent of the cells which were stained in the test would be found to be dead on further incubation.
L-XI cells appear to be less firmly attached to some samples of glass than to others, to plastic or to a layer of their secreted macromolecular products adsorbed to either glass or plastic; the fundamental cause of the difference in attachment cannot be deduced from these experiments. Cells attached firmly to plastic or glass suffer more damage on mechanical removal than do those adhering to adsorbed secretion products. The higher viability of cells removed from some types of glass could be explained on the basis of the poorer spreading on, and weaker attachment to the substrate, with consequent limitation of the area of traumatization on mechanical detachment. Cells grown on adsorbed secretion products were, however, better spread than those grown on plastic or glass, and were no more readily removed by vigorous pipetting.
It is possible that the mode of attachment to the artificial and biological substrates was the same, but that smaller areas of membrane were involved when the substrate was adsorbed secretion products; if this was so, then since the cells were well spread on the biological material, the areas of attachment were widely distributed over the cell surface. Alternatively, as suggested by Berwick and Coman [ 11, the mode of attachment might depend on the substrate. The other possible reason for the dil'ference in the viabilities of cells removed from plastic and biological substrate is that, when cells were scraped from plastic pretreated with conditioned medium, the separation occurred at the protective substance-plastic interface, rather than through the cell membrane.
The results of experiment 3, in which cells from a 'L-dayold monolayer culture on glass were used as the test material, indicated that some of the secreted substance was removed with the cells and remained attached to them after one wash with 199P mc; this may, however, occur only when relatively large amounts of the substance have been secreted.
An additional factor contributing to the damage of cells scraped from plastic bottles might be a toxic substance which was apparently removed from these by fresh, and possibly also by conditioned, medium and rendered cells more fragile. This could partly account for the lower viabilities of cells removed from plastic bottles, compared with those of cells scraped from glass of a type to which they mere firmly attached. It is unlikely, however, that any of this material would remain in the plastic culture dishes exposed for 16 hr to concentrated sulphuric acid or alcoholic caustic potash. The low viability of cells scraped from these, by comparison \\-ith that of cells removed mechanically from glass to which they were firmly attached, is therefore presumably not due to a toxic compound; it may instead indicate a difference in the mode of attachment of the cells to these two substrates. Additional evidence for the non-toxicity of "Falcon" plastic dishes for cells is provided by the demonstration by Ham [S] that it is possible to clone cells in a proteixifree medium in these, but not in glass petri dishes.
The firmer attachment of cells to French square glass bottles after 21 hr incubation might be due to the secretion of sufficient material to act as a substrate at the points of attachment of the cells to the surface. The amount released into the medium during this period \vas, however, insufficient to protect cells plated on plastic from damage \vhen they hvere scraped from this substrate (experiment 10). Weiss [ll ] has shown that when cells are sheared from a glass surface they leave behind a material, possibly the microexudate demonstrated by Rosenberg ;lO j, to which cells will attach more firmly than they will to glass pretreated \vith the supernatant medium from a 24 hr culture. It seems possible that this material is similar to the "protective substance" produced by cultures of L-M cells. The results obtained in the present study suggest that in monolayer cultures, the secreted macromolecular substances adhere to both the cells and the substrate, whereas in suspension culture they are not attached to the cells.
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The proteins produced by L-M cells have not yet been completely characterized. The work of Eidam and hlerchant [2] indicates that they include ribonucleoprotein, but other substances of high molecular weight also appear to be secreted; any of these could have acted as the protective substance in the present series of experiments.
It is interesting that Rubin [9] has shown that medium obtained from high concentrations of embryonic chick cells contains a macromolecular factor which enhances the growth of small numbers of these cells. It seems probable that, as suggested by Moscona [;iJ, the nature of the materials secreted by cells is important in morphogenctic movement, metastasis and invasion. The use of adsorbed films of such substances might provide a tool for the investigation of cellular interaction.
SUMMARY
IA-h1 cells obtained from a suspension culture, if suspended in fresh serumfree medium and plated onto either plastic or glass to which they become firmly attached, have a low viability when scraped from the substrate within a few hours of seeding. If L-h1 cells from a suspension culture are grown on plastic in "conditioned" medium (medium in which cells have been grown), the viability after mechanical removal is high. Pretreatment of plastic with conditioned medium also greatly reduces the damage sustained by cells seeded onto it in fresh medium, and subsequently removed by scraping. If the test cells for seeding onto plastic surfaces in fresh medium are obtained from monolayer rather than suspension cultures, fewer are killed on mechanical removal.
These results are consistent with the hypothesis that cells in suspension and monolayer culture synthesize a substance or substances of high molecular weight which may be adsorbed onto an artificial surface and serve as a substrate for the cells. They also suggest that in monolayer culture the secreted substances become adherent to the cells and the substrate, whereas in suspension culture they are not attached to the cells.
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